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OVERVIEW

The Joint Fire Science Conference and Workshop,
Crossing the Millennium: Integrating Spatial Tech-
nologies and Ecological Principlesfor a New Agein
Fire Management, was held in Boise, Idaho on June
15 to 17, 1999. Support and sponsorship was pro-
vided by the USDA Forest Service, Bureau of Land
Management, National Aeronauticsand Space Admin-
istration, US Geological Survey, National Park Ser-
vice, US Fish and Wildlife Service, Bureau of Indian
Affairs, International Association of Wildland Fire and
the University of Idaho.

In attendance during the conference were 239 research-
ers, managers, students, and vendors. Fourteen per-
cent were from outside the United States. Attendants
came from Australia, Brazil, Canada, Germany, Italy,
Portugal, Russia, Senegal, Spain, Switzerland, and the
United Kingdom. Commercia vendorsincluded Coun-
try Survey Supply, ERDAS, Inc., ESRI, Inc., Forest
Technology Systems, Ltd., Pacific Meridian Resources,
and Wagner Fire Suppression, Inc.

The three day event was designed to provide the Joint
Fire Science Program with a state-of-the-art assess-
ment of the technical tools available to fire and land
managers who need up-to-date spatial information
about vegetative and fuel conditions to develop strate-
gies, set priorities, and administer effective fuel man-
agement programs. Those needs extend from national
level program planning to the local project planning
and design level. On June 17, 1999, following two
days of invited, contributed, and poster paper presen-
tations, conference attendees were encourage to stay
and participate in an all day workshop. Over 100 con-
ference attendees participated in a facilitated discus-
sion led by Neil Sampson, a private consultant (The
Sampson Group). They addressed the results of the
conference, and provided ideas for future research and
development to accelerate the creation, implementa-
tion, and dissemination of new technologies to pro-
videfireand land managers at all levelswith the latest
and best information and decision tools.

WORKSHOP SYNOPSIS

Theworkshop began with theworkshop facilitator, Neil
Sampson, summarizing 17 invited papers presented
on the opening day of the conference. These papers
provided astate-of-the-science overview of pre-selected
topicsincluding Overview (3 papers), GI Sand Remote
Sensing Technologies (4 papers), Mapping (3 papers),
Modeling (4 papers), and Treatments (3 papers). On
the second day of the conference contributed papers
were presented in four concurrent sessions, named GIS
and Remote Sensing Technologies, Mapping, Model-
ing, and two half day sessions, Treatments and Haz-
ard & Risk. Session chairs were responsible for coor-
dinating ons, introducing speakers, and timekeep-
ing. The session chairs were:

Gl S and Remote Sensing Technologies Session
Donald R. Cahoon, Jr., Atmospheric Sciences Divi-
sion, NASA Langley Research Center USA

Susan G. Conard, Vegetation Management and Pro-
tection Research, USDA Forest Service USA

Mapping Session
Tom Bobbe, Remote Sensing Applications Center,
USDA Forest Service USA

Thomas R. Loveland, EROS Data Center, US Geo-
logical Survey USA

Modeling Session
Robert E. Keane, Intermountain Fire Sciences Lab,
USDA Forest Service USA

Elizabeth D. Reinhardt, Intermountain Fire Sciences
Lab, USDA Forest Service USA

Treatments Session
Kevin C. Ryan, Conference Co-Chair, Intermountain
Fire Sciences Lab, USDA Forest Service USA

Herminio S. Botelho, Universidade de Trés-os-Mon-
tes e Alto Douro Portugal
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Hazard and Risk Session
Alan E. Harvey, Rocky Mountain Research Station,
USDA Forest Service USA

Philip V. Range, Bureau of Land Management, Na-
tional Interagency Fire Center USA

L eon Neuenschwander, Professor of Forest Resources,
University of Idaho, USA

Following the invited paper summary, session chairs
presented their summaries of the contributed papers.
Neil Sampson led the workshop attendees in a facili-
tated discussion that captured the comments and con-
cerns of the workshop attendees with regard to the in-
formation presented at the conference, conditions in
thefield, and future needs. An open discussion brought
out avariety of comments and proposals for the Joint
Fire Science Program managers to consider. The en-
tire workshop was videotaped, audio taped (on cas-
sette), and recorders took notes. All of this material
was collated after the workshop and used to create the
document that follows.

NEIL SAMPSON: SUMMARY OF
INVITED PAPERS

® The situations facing land managers, and the chal-
lenges to both fire and land management that re-
sulted in the creation of the Joint Fire Science Pro-
gram, create an urgent need for better information,
improved risk analysis techniques, and better ways
of setting priorities at al levels. As one example,
the Forest Service plans to increase its prescribed
fire program so that by 2001 they are burning 5to 6
times as much as they did in 1995, and the chal-
lenge of deciding where and how to target these ef-
fortsis a high priority need.

® A national land cover characterization program is
under way within the US Geological Survey, with
plansto produce new information on a10-year cycle.
Collaborative efforts to utilize this information as
well asadditional information from new remote sens-
ing technologies to create a national fuels data base
should beinitiated. Thoseeffortsshould beinstructed
by past national mapping efforts, including atten-
tion to development of a scientifically sound, com-
prehensive classification scheme. There has been
considerable experience in the land management
agencies in the use of remotely sensed information
for vegetation classification, and standards and meth-

ods are available that can be integrated with a bot-
toms-up approach to fit local or regional situations.
Any data-gathering or mapping exercise needsto be
asrobust and flexible as possible, since things occur
and questions arise at all scales, and thereisincreas-
ingly diverse use of al natural resource data.

® National fire hazard and risk characterization and

mapping efforts are under way at the national, pro-
vincia, and state level, in Canada and the United
Statesaswell as several European countries. Ingen-
eral, these efforts are in the devel oping stages, with
avariety of initial products. They are being made
increasingly necessary and important by issuesraised
in the UN Framework Convention on Climate
Change, which has challenged national governments
to improvetheir monitoring, assessment, and report-
ing of carbon sources and sinks. Wildland fire and
fire management are important contributors to car-
bon fluxes, and national and international mapping
efforts will be needed to support monitoring and
verification. Another important use is to identify
and prioritize areas for fuel management and treat-
ment priorities. A form of “triage” is suggested as
one way to develop these priority rankings.

® Classifying and mapping fuel characteristics is a
complex operation, since fuels present a diverse,
three-dimensional continuum across the landscape
that resists easy portrayal by 2-dimensional polygons
onamap. Remotely sensed datainterpretations need
asignificant amount of field-gathered reference data
to provide the necessary attributes for fire behavior
and effects modeling. The old standard thirteen fuel
models developed for use with the fire behavior
models are not adequate for many modern modeling
and mapping efforts. Development of a new fuel
characteristics classification scheme is under way,
and should be available for distribution and use in
the future.

® A significant amount of research has broadened the
understanding of fire regimes, both historical and
current, which provides a useful tool in communi-
cating fire concepts and integrating them into land
management at a variety of scales, both spatial and
temporal. Our current knowledge of some fire re-
gimes is better than others and extrapolating infor-
mation from point-data sources up to landscape or
regional estimates may be the source of consider-
able uncertainty or error. The better we can under-
stand the nature of fire regimes, and how they are
affected by climate, the more well-positioned we will
be to assess future management options or climate
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change impacts, which may produce conditions un-
like any in the available historical record.

® Thewidespread availability and ease-of-use of mod-
ern computers and software has dramatically im-
proved the ability to integrate large-area data sets
and produce interpretive maps at a variety of scales.
However, accuracy of such mapsmay befar lessthan
thevisual portrayal may indicate. Inadditionto ques-
tions of data accuracy, one must understand the al-
gorithms utilized by commercial mapping and ana-
lytic software, because methods useful for some mea-
surements and cal culations may beill suited for oth-
ers. Scientists and researchers developing models
and maps should test the accuracy of their commer-
cial software packages along with conducting accu-
racy tests on all aspects of the mapping exercise.
Maps should be presented with an accuracy assess-
ment so that users are aware of the degree of accu-
racy really represented.

® |n the past, fire and post-fire monitoring and data
gathering has been limited by both time and tech-
nology. As aresult, good data on severity patterns
and fire effects within the boundaries of historical
fires is lacking. Some of the technological prob-
lems, such as remote sensing instruments that were
“peaked out” by heat or light intensity have been
overcome, and new maps showing intensity and se-
verity gradientswithin afire should becomeincreas-
ingly available for study and input into effects mod-
eling. Additional priority will be needed on post-
fire monitoring since this activity often suffers from
time and money constraints.

® Fire behavior and effects modeling has produced
many useful tools, both in terms of increasingly so-
phisticated computer modelsaswell aslow-techfield
toolsthat can be effectively used by land managers.
The current models are deeply rooted in fire behav-
ior and management, and may in some instances
lack ecological and landscape dimensions that are
increasingly demanded as part of management de-
cisions. Bridging the current models to be of more
value to land managers should be a high priority. In
the process, decision tools need to remain as low-
tech, simple and user-friendly as possible, while help-
ing managers assess the degree of “fire dosage’
needed on the landscape so that treatments can be
designed and managed to produce desired ecologi-
cal outcomes.

® Fuel treatment modeling is made difficult by the
complex and stochastic nature of wildland fire, which
makes both pro-active and post-event areasinto dif-
ficult venuesfor establishing good research projects.
Managers need to be able to predict the effects of
variousfuel treatmentsin terms of the fire processes
that will be changed, as well as the landscape-level
impacts of any treatment. Some fuel treatmentswill
be designed to increase variability and achieve de-
sired mosaic patterns. The question will often be
how much to treat and in what patterns? There are
two approaches that may be taken: 1) Landscape to
site— where sites and treatments are identified asa
way to achieve landscape goals; and, 2) Siteto land-
scape — where landscape changes are identified as
being needed to protect aparticular site (e.g. house).
Treatment criteria might include maintaining eco-
logical integrity, reducing crown fires, or protecting
areas of high social/cultural values.

® | n land management situations where the future por-
tendslarger, more intense, and more damaging wild-
land events, there is a strong concern for public
health, particularly from smoke. Land managerswill
need to work with air quality regulators in the de-
velopment and implementation of new regulations
for maintaining air quality, and these may be excep-
tionally difficult to make compatible with the eco-
logical needs of wildland systems. From a political
viewpoint, it is clear that human health concerns
will win out over the ecological justification for man-
agement-ignited fires. Ironically, the smoke from
the resulting large fires may prove to be the greater
health concern.

SUMMARIES OF CONTRIBUTED PAPERS
FROM THE CONCURRENT SESSIONS

The following Session Chairs presented summaries
from each concurrent session.

¢ Donald R. Cahoon, Jr., Atmospheric Sciences Divi-
sion, NASA Langley Research Center for the GIS
and Remote Sensing Technologies Session

e Thomas R. Loveland, EROS Data Center, US Geo-
logical Survey for the Mapping Session

e Robert E. Keane, Intermountain Fire Sciences Lab,
USDA Forest Service for the Modeling Session
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¢ Kevin C. Ryan, Conference Co-Chair, Intermoun-
tain Fire Sciences Lab, USDA Forest Servicefor the
Treatments Session

¢ Philip V. Range, Bureau of Land Management, Na-
tional Interagency Fire Center; Alan E. Harvey,
Rocky Mountain Research Station, USDA Forest
Service; and Leon Neuenschwander, Conference Co-
Chair, Professor of Forest Resources, University of
Idaho for the Hazard and Risk Session

Highlights from each of their summaries follows.

Donald R. Cahoon, Jr.: GIS and Remote Sensing
Technologies Session

® GIS has become a fundamental tool for land man-
agement, and there are increasingly useful applica
tions being developed and published. The power of
GlISlies largely in its ability to integrate many dif-
ferent types of data, and devel op comparative analy-
SES.

® |n order to improve GIS mapping, more consistent

and well-portrayed accuracy assessments are re-
quired.

® Aircraft remote sensing and aerial surveillance of
fires are producing near-real-time products that can
be useful in managing afire event. A current chal-
lenge is to integrate geo-referencing into the fire
mapping in near rea time.

® Satellite remote sensing is still dominated by pas-
sive sensing methods, and there needs to be more
focus on addressing critical management issues.
Active sensing (SAR) is still in its infancy, but it
shows encouraging results that may have potential
in mapping fuels. Image noise is a problem with
any form of remote sensing that complicates analy-
sis.

® Thereisalack of national-level focusin remote sens-

ing programs. Such focus is needed to answer im-
portant questions relating to fuels, such as:

e What fuels are of most concern and how are
they spatially distributed?

e How much fuel burns during afire?
How does management affect fuels and fires?

® Remote sensing products are needed for mapping
burned areas on the national level, developing afire
severity product, and integrating fire experience with
fuel conditions. Development of a national spatial
database that includes burned areas, activefires, and
high-risk areasisbadly needed, and the United States
is lagging much of the world in this regard.

ThomasR. Loveland: Mapping Session

® This session focused on mapping fire patterns, fu-
ds, fire detection, and a suite of other environmen-
tal variables. Also covered weretime elements, his-
torical perspective, contemporary issues, baseline
conditions, and predictive mapping into the future.
There was a strong emphasis on emerging technolo-
gies.

® Mapping is the process of reconciling errors. It is
an exercise in placing things in spatial context that
focuses on theimportance of geography. Place means
potential, and good mapping enables comparisons
whileit facilitates understanding of cause and effect
of activities. The comparative framework cannot be
overstated. Emphasis should be placed on long term
data management and archiving. Only by doing this
can we see theimpacts of management practices and
of ecological processes.

® The best strategies for improving mapping include
the encouragement of innovation while retaining
useful traditional tools. Mapping and modeling are
joined activities, and one cannot progress without
the other. Remote sensing isaprimary tool for mod-
ern mapping, but it has limitations that must be rec-
ognized and incrementally overcome and improved.

® Accuracy and accuracy assessment areand will con-
tinue to be challenging. The transition between dif-
ferent scales is a common problem. Accuracy ap-
pears to be on the rise in things thematic (fuel map-
ping), but other paperslooking at historical perspec-
tives, quantitative measures, biophysical parameter-
ization failed to address the issue. An issue that
needs to be collectively discussed is what is accept-
able accuracy? It probably depends on the applica
tion. A number does not mean anything until it is
interpreted in context. We need to determine what
standards we can live with.
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® Further discussions are needed on sampling strate-
gies in order to map process, moving beyond sam-
pling homogeneous elements and into sampling
along gradients. New instruments such as those
concerned with hyperspectral data are worth watch-
ing closely. Although it is currently in the experi-
mental stage, it may become the wave of the future.

® |t isworth remembering that mapped data are mul-
tipurpose. They are valuable for fire science, land
management, environmental assessment, general
scientific research, and public relations.

® Findly, fuel mapping isan international issue. The
global change and fire research communities are
joined at the hip. We need to foster collaboration
between them.

Robert E. Keane: Modeling Session

® A diverse cross section of models was presented.
Model categories included fire behavior, fire dan-
ger, fire condition, fire effects, smoke, and a suite of
ecosystem dynamics models that predict vegetation
succession, erosion, and tree mortality. In addition,
modelswere presented that were devel oped to either
derive input into fire behavior models, or to run on
their own, such as some of the weather and fuel
models.

® Every model presented was based on fundamental
first and second order fire effectsresearch. In order
toimprove current models and create new ones such
research must continue.

® The resolution of the model variables should match
the resolution of the simulated spatial and temporal
domain and the resolution of the spatial and tempo-
ral domain should exactly match the questions that
the model is being used to answer.

® \We need to support interaction between models.
There needsto be consistent, compatible formatsfor
input and output data between models. Work is also
needed to promote interactions between different
types of models, such as climate, fire, vegetation,
air transport, and soil erosion. Again, this will be
facilitated by development of standard input-output
formats.

® Not all models need to be complex or spatialy ex-
plicit. It may be possible and desirable to develop
simpler models from complex models and aso to
use the complex models as pseudo validation of the
simpler models for some special cases.

® Since managers have diverse questions there needs
to be a diversity of models to answer these ques-
tions. It isunlikely that there will ever be a mega-
model that will answer all the questionsfor any given
purpose. As such, model diversity should be pro-
moted. Managers should not be told which models
to use, but modelers should provide them with a set
of guidelines or a key on what situations are most
appropriate for which models (where and when).

® Because the models are becoming more complex,
managers need more help using them and interpret-
ing their results. New methods of technology trans-
fer and training need to be explored. Managersalso
need better accessto models. Widespread documen-
tation and publication of modelsis needed and there
needs to be active comparison of models in a Web
environment. Adequate funding for model documen-
tation should accompany model development.

® Models should be peer-reviewed and adequately
tested prior to widespread distribution. Model com-
parisons should have alarger purpose than they cur-
rently have. They should be used to quantify vari-
ability in systems, identify limitations and advan-
tages of each model, improve and refine models, and
help develop a key to give management that would
identify which models are appropriate when and
where. Perhaps, a model comparison environment
should be created where model ers are encouraged to
post test landscapes on the Web that contains the
data needed to run their models.

Kevin C. Ryan: Treatments Session

® No common theme emerged from the 11 papers pre-
sented in the Treatments Session.

® Fuel treatments are very difficult to implement and
test experimentally. In homogeneous areas identi-
fying a control is problematic. The treatment dos-
age is difficult to measure. Some of these difficul-
tiesmay be overcomethrough tools developedin the
other sessions, i.e., remote sensing and modeling;
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however, such tools were not discussed in this ses-
sion.

® |t is also difficult to identify response variables.
Consensus is lacking on what variables to measure,
and how to measure them to determine whether or
not a treatment had a positive, negative, or neutral
effect.

® One paper proposed a national fuels treatment sys-
tem where a series of sites across the country would
have standardized treatments and protocolsfor mea-
suring response variables.

® Other papers used modeling to help determine how

fire behavior changes as you move between areas of
low and high fire potential.

® A few papers addressed issues and concerns, such
as how to take advantage of models that predict El
Nino, or other climatological models; issues of co-
ordinating funding during optimal times to conduct
treatments; of broadening our view of what fuelsare;
of theimportance of not extrapolating resultstoo far
across the landscape; and that if we expect to main-
tain certain vegetation types, we need to consider
much larger landscape scale treatments.

® Another paper outlined the European Commission’s
funded project to devel op afull decision support sys-
tem for fuelstreatment in Europe. Such an approach
should be considered in the U. S.

® |n summary, designing treatments involves social
aswell as biological parameters, and must consider
broad management goals at the landscape scale as
well as at the project scale.

Philip V. Range, Alan E. Harvey, and Leon F.
Neuenschwander: Hazard and Risk Session

® There were 10 papers presented that described a
variety of GIS models.

® Models were all used to highlight or prioritize ar-
eas of high risk. Almost everyone uses a relative
ranking of some kind (high, medium, or low for ex-
ample). These ranking systems are useful in de-
scribing therelativefirerisk, wherefiresarelocated,
and the resources needed to address the risk.

® Models seemed to be very useful for communica
tion within the units, along the bureaucratic agency
lines, and with the public and policymakers. One
paper suggested that the models could be used for
program evaluation and accountability.

® A problem that emerged concerns the definition of
risk. Almost every paper used it differently. It was
equated with occurrence; with acombination of haz-
ard and occurrence; another used occurrence and
damage or potential damage; still another used oc-
currence, fire behavior, and fire effects; and one pa-
per used the crown fire models to develop the haz-
ard and risk profile.

® Most data input into these models was remote
sensed. There was not any commonality in the GIS
methodology. Scale or accuracy was not described
in any of these models.

® |n some cases it appears we are basing hazard and

risk on some fairly shallow capabilities of vegeta-
tion classification systems.

® \We did not discuss ecosystems at risk or keystone
Species, or genetic resources.

® Although many efforts are being carried out at the
landscape and state levels, a national database con-
taining consistent datalayerswith standardsfor scale
and accuracy is needed.

EXCERPTSFROM THE FACILITATED
DISCUSSION

After reviewing the recorders notes, videocassette, and
audiocassette comments were analyzed for content,
abbreviated where possible, and were grouped accord-
ing to common themes. Therewere 84 commentstaken
and from them 8 themes or categories were identified.
They are asfollows:

Communication and Training (21)
Data Requirements (4)

Fuel Mapping (13)

General Comments (12)
International Perspective (6)
Issues of Scale (6)

Management Issues (10)

Tools Development (12)
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The “General Comments” category contained those
comments that did not fit into any of the seven other
categories. The total number of comments per cat-
egory isin parenthesis. The following excerpts by cat-
egory indicate the types of comments that were raised
by the workshop attendees.

Excer ptsfrom Communication and Training:

e There needs to be, “other forums where managers
can compare notes regarding models they use...”

e The “states need to know who, when and where
people are burning so we can coordinate with our
neighbors...”

e Consider the “military model of focused and delib-
erate dissemination of information...”

e “Managers and researchers need to work together
on tool development.”

e “...I don't know where to draw the line between
where | should stop developing new knowledge and
hand this stuff off...”

¢ “Need to catalog GI S data and makeit readily avail-
able so people are not alwaysreinventing thewheel.”

¢ “Need to develop consistent terminology.”

¢ “Research and results need to be made available as
quickly as possible on the Internet.”

o With regard to developing models and systems,
“...don’t forget the public.”

¢ “Those of usworking in GIS for land management
agencies are struggling to keep our heads above
water, let alone keep up with the rapid changes in
our field. There is minimal if any money for our
training.”

e “The vast mgjority of GIS specialists have minimal
if any real knowledge or expertise with remote sens-
ing.”

o “| did want to point out that in the private sector we
tend to see a lot of different agencies that are not
talking to each other. There are a lot of coverages
that | don’t think people realize exist.”

Excer pts from Data Requirements:

e We “... need more data for smoke management.
States need data to be compliant with EPA...”

e “|t doesn't surprise me at al that there is a clamor-
ing for data to be developed, but that’s partly be-
cause we' ve set the stage by developing models that
need those data.”

¢ “We have a serious lack of ability to produce accu-
rate input layers for models.”

e “... |l don't careto see another model. | want to know
what we've got and | want to know how we can im-

prove the models that we have. Where | am we do
not have any fuels data. We need the inputs.”

Excerptsfrom Fuel Mapping:

e We*“... should focus on aground campaign to char-
acterize the spatial and temporal variability in fu-
els”

e “The challenge is to implement in a real mapping
strategy and encourage some prototype devel opment
and implementation.”

e “... part of the problem with our ability to produce
these layersisthelack of quality data. Accuracy isa
serious issue.”

e “How do you develop a proper sampling design to
map fuels?’

¢ “Ground referenced datais needed regardless of map
scale. We need to spend time gathering this data.”

o “We propose that at least 25% of the JFS funding be
directed to the acquisition of ground reference data
for fuel model mapping.”

e “... 12,000 FCC'sisreally not a very big number,
that you can aggregate those any way you want.”

¢ “There's not 12,000 different kinds of fire behavior
out there. We've got to come up with a scheme that
issimple, we can useto communicate with, and build
maps.”

e | support “the idea of a national fuels mapping pro-
gram.”

Excerpts from General Comments:

e This“... meeting focused on technology, but need
to incorporate technology in an ecological context.”

o “| think that maybe we ought to spend some of our
attention on fire regimes, where we want to go with
fire, what should be the fire landscape that we want
to create.”

¢ “Climate has had and continues to have profound
effects on vegetation. | think we ought to find out
how much of it is our input and how much of it is
Mother Nature's.”

¢ “An overarching theme from the conference ought
to bewhat does everybody want from the scientists?’

o What we need is “some way to assess severity that
links some of the carbon and nitrogen and ecol ogi-
cal factors (such as vegetation change) with things
that we might be able to very quickly assess re-
motely.”

¢ “We should get some standards for when fire sever-
ity is mapped.”

e We should “...partner with NASA and perhaps lo-
cate the regional fire science and applications cen-
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ters where there are already NASA centers, the so-
called Regional Earth Science Applications Centers
(RESAC).”

Excerptsfrom International Perspective:

¢ “... should encourage more scientists from less de-
veloped countries to attend specialized workshops
(like this one).”

¢ “Developing countries need help training more
people with regards to remote sensing technol ogy.”

e We“...need to develop consistent terminology.”

Excer pts from I ssues of Scale:

¢ “When building models that are to work across sev-
eral scalesit should be remembered that the average
output of anonlinear process cannot be obtained by
taking the averages of the input.”

e “... there needs to be scale integration at the na-
tional level.”

o | recommend “... the establishment of regiona fire
science research and applications centers to address
issues of scale, space, and fuel variability.”

o “Weneed severity at two different scales, coarse and
fine scale.”

Excer pts from Management | ssues:

¢ “Managers want aternatives and they want a con-
sequence for each one.”

e “ ... the health and integrity of grasslands and
shrublands maketheforest health problemsand trac-
tability pale by comparison.”

e We “... should have an inventory of the land man-
agers needs where we define the spatial and tempo-
ral resolution with which these displays of future
aternatives are going to be useful...”

o We “need help monitoring fire effects ... in order to
show the public and to build credibility.”

¢ “The Europeans are ahead of us in some areas ap-
parently because they areworking together on amuilti
national basis. We have the administrative structure,
but we are not working together.”

¢ “If models are too complicated those in Congress
will not understand and will throw them out.”

Excer ptsfrom Tools Development:

e “There are 3 components to tool development that
should support one another. They are research, man-
agement actions, and landscape characterization.”

o | think we “... need to do an integrated assessment
of the whole problem, bringing expertise from all
the different areas.”

o “Please keep field managers in mind when models
are developed. They are the ones that are either go-
ing to be using them or interpreting their results.”

e Maybe*“... rather than being overly concerned with
model validation we should consider what different
decision would have been made if you had not used
that tool.”

o | “support asummary of different models and other
toolsand list their limitations and appropriate uses.”

o “| really like the concept of linking al these models,
from climate to vegetation, to hydrology... and I'd
like to add air quality to that.”

SYNTHESISAND SUMMARY OF THE
WORKSHOP

The following comments are based upon a thorough
review of the invited and contributed paper summa-
ries, and workshop attendee commentsfrom recorder’s
notes, videocassette, and audiocassette. A general con-
clusion from the conferenceisthat an enormous amount
of work in the past was done to develop fire-related
dataand models. Much of thiswork was deeply rooted
in fire behavior research and was driven by manage-
ment concerns at the incident or project level. A vari-
ety of different models to assess behavior and fire ef-
fectsarecurrently utilized, and some have beenin wide-
spread use for years, having developed a broad and
capable user base among land and fire managers.
However, current i ssues associated with the use of these
models includes a general absence of specific fuels or
vegetative data at the administrative unit, incompat-
ibility in the input and output data that limits the abil-
ity to move information from one model to another,
and an ongoing need to train field personnel in model
use. Despite these problems the models provide sig-
nificant value to fire and land managers, and provide
a solid foundation for the decision tools of 21% Cen-
tury.

Far less available are landscape-level tools needed for
large-area assessments and the data sets and risk char-
acterizations needed for state- and nationa-level stra-
tegic planning and priority setting. Another identi-
fied gap istherange in system variability contained in
current models. Even though many are designed to
predict fire behavior or effects well beyond the range
of past experience, many current fire events are gener-
ating such extreme behavior that current model limits
are exceeded. With fire experts predicting that future
fires may continue to demonstrate even more extreme
behavior and fire effects, it was concluded that efforts
to extend the range of variability in current models
were needed.
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In general, the creation and widespread adoption of
model s has created an enormous demand for more and
better data sets at a variety of scales. A significant
portion of the data gathering effort should focus on
ground reference data to provide improved validation
and accuracy assessment of remote-sensed or derived
data. Data sets, to be most useful, should be consis-
tent on a nationwide basis, accessible through the
Internet, and have metadatafiles, accuracy assessment,
and utilization guidelines. Utilization guidelineswould
be useful in helping prospective users better under-
stand and appropriately apply the data based on reso-
lution, scale, and scope. Particularly in the case of
ground reference data, there needs to be more coor-
dination and participation in generating data. Thisis
going to require a strong and continuing institutional
commitment in recognition of theimportance of ahigh-
quality national data set.

A basic concern in modern land management is
sustainability. Databases and decision tools related to
fire and fuels should be relevant to the criteria and
indicators that land managers utilize to assess the im-
pact of any activity on sustainability. An important
management considerationisto beableto evaluate and
continue to monitor fire's role in succession and the
impact that different fire effects have upon the likeli-
hood of achieving desired future conditions. An inte-
grative approach or decision support “what-if” tool that
considers ecological and socia factors would be very
useful to managers.

In supporting fuels research, data development, and
data systems, a high priority should be given to inte-
grated assessments that are based upon, and designed
to develop, holistic approaches involving managers,
field personnel, GI S personnel, and research scientists.
It is also important to assure the inclusion of all wild-
land ecosystems in reference data, data sets, and mod-
els. Much of the Nation's wildland is not forested,
and understanding fuel characteristics, fire effects, and
management implications on all ecosystemsis needed.

Thereisan urgent need to link fuel and other physical
conditions (such as soils) to models of potential fire
severity, and to improve post-fire severity assessment
and mapping. This should go well beyond vegetative
mortality where possible, in particular focusing on soil
change that may be linked to second-order fire effects
such as hydrophobicity, erosion, loss of system nutri-
ents, reduced productivity, or significant change in
successional pathways. Research to develop standard
field techniques and measures for post-fire severity

assessment may be needed. Greater consistency in
these assessments is needed to help construct a na
tional data set. There was some discussion indicating
that immediate monitoring (perhaps measures of post-
fire heat flux from soils) may produce onelayer of use-
ful information while delayed monitoring (perhaps of
crown mortality) may produce better indicators of veg-
etative impact.

Thereisaso aneed to focus on the concepts of Hazard
and Risk, as well as Severity, and to encourage more
consistency in the use of the terminology and develop
more widely recognized protocols and processes for
making and communicating these interpretations.
Since these are not physical terms, but indicators, it is
important to clearly communicate the values that were
used to develop relative indices. |dentifying and pri-
oritizing relative hazards and risks on anational scale,
as part of anational assessment, would provide both a
useful tool for national decision making and an oppor-
tunity to promote consistent application of these con-
cepts at state and local levels.

Data sets, maps, and models are of minimal value un-
less people can readily find them, adapt them to their
immediate needs, and use them to help solve a rel-
evant problem. Land managers have limited time,
money, and patience to allot to learning new methods,
models, or tools. Their participation as a partner in
development of all fuel and fire decision tools is es-
sential. Much of what needsto be done, such asdevel-
oping reference data sets, observing and mapping fire
effects at the event scale, and improved monitoring of
post-fire severity istied to field staff and management
activity. If managers know what is needed, consider
themselves equal members of ateam, and feel that the
information developed is worth its cost in terms of
helping them solve their management problems, more
adequate resources are likely to be alocated to infor-
mation-gathering.

In addition to partnering with managers, it is impor-
tant to devel op collaborative approaches between agen-
cies, scientific disciplines, the private sector, and the
public. Data development and mapping efforts need
to include socia and economic communities as well
as scientific and technical considerations. In the pro-
cess, both scientists and managers should ook for natu-
ral allies in nontraditional groups such as youth, con-
servation organizations, retirees, etc. New communi-
cation technologies will proliferate and continue to
provide viable tools for improving information shar-
ing between agencies, international groups, private
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corporations, politicians, the public, and users. Rather
than be feared, these technol ogies should be embraced,
and used to create an open marketplace for ideas, data,
and tools that are needed internationally by wildland
fire professionals. International standards and proto-
cols for both spatial and non-spatial data should be
encouraged, especially with regards to tools devel op-
ment.

New technologies and the tools that are derived from
them must be integrated into the fire management pro-
gram. Proper training, field-testing and application,
and communication with research, user, public, me-
dia, and political communities are al components of
such integration. Communicating results and creat-
ing realistic expectations for the products of fuel and
firedata, maps, and modeling will be essential in build-
ing and maintaining public support for their contin-
ued development, application, and maintenance.

SPECIFIC TECHNOLOGY AND TRAINING
NEEDSIDENTIFIED

Thefollowing technology and training needswereiden-
tified al so based upon athorough review of theinvited
and contributed paper summaries, and workshop at-
tendee commentsfrom recorder’s notes, videocassette,
and audiocassette.

Specific technology development needs identified in-
cluded:

® A National Fire and Fuels Data System, available
to al users through Internet access, that includes:

e Standards and protocols for data elements and
formatsto be used as both inputs and outputsin
fuel and fire mapping and modeling

e A glossary of standard use and definition of
terms, units, and concepts

¢ Methods, Concepts, and Limitationsin scaleand
scope transitions and hierarchies

o Methods and protocols for assessing map and
model accuracy

¢ Methods and standards for gathering reference
(ground) data

e Standards for interpreting and classifying re-
motely-sensed information

o A new system of Fuel Characterization Classes,
with accompanying attribute data as available

A national vegetative cover mapping data set,
updated periodically

A national fuels mapping data set, updated pe-
riodically

Other national data sets (such as DEM’s and
administrative areas) availablefor incorporation
into mapping or modeling efforts.

A Catalogue of Fire-Related Models, complete
with instructions and capability assessments of
each model, with standard versionsavailablefor
downloading and use

A Catalogue of Fire-Related Data Sets (Fuel
maps, DEM'’s, etc.) with meta data, accuracy
assessments, and protocols.

A Catalogue of digital remote-sensed, geo-ref-
erenced images.

A National Fireand Fuels Development and Train-
ing Program, based on:

Collaboration between agencies, institutions,
and organizations at all levels with a special
focus on partnerships between researchers and
land managers in the development and imple-
mentation of fire and fuel management dataand
models to achieve a strong focus on decision-
relevant outputs;

A focus on ecological issues and perspectivesto
provide managers and interested publics with
best available estimates of the ecological out-
comes of management options, both short- and
long-term aswell aslocal- and landscape-scale.
This includes an emphasis on fire effects as re-
lated to fire severity, as well as relative assess-
ments and characterizations of risks and haz-
ards.

Incorporation of the latest developmentsin re-
mote sensing, geographic information systems,
information management, and communications
technologies.

An emphasis on encouraging innovation and
information-sharing among research scientists
and land managers on an international basis,
including such factors as open architecture and
standards for models and databases; easy com-
munication between researchers, managers, and
othersviathe Internet; and regular professional
opportunities for publication, presentation of
new technology, and international discourse.



The Joint Fire Science Workshop Summary Report 11

GENERAL RECOMMENDATIONSTO THE JOINT FIRE SCIENCE
GOVERNING BOARD AND DIRECTOR

Based upon theinformation presented during the conference and the workshop that followed we offer thefoll owing recommenda-
tionsto the Joint Fire Science Governing Board and Director.

Recommendation 1:

Management tools including databases, maps, and models should be grounded in ecological research and prin-
ciples. An emphasis should be placed on landscape level tools that — where appropriate — incor porate biologi-
cal, biochemical, climatological, ecological, geological, and morphological factors.

Recommendation 2:

A more integrative and systematic national approach to fuel mapping and modeling that sets standards and
protocols across multiple spatial and temporal scales and that includes a ground campaign to provide accurate
model input data is needed. Within this framework remotely sensed data, GIS technology, and models should be
better integrated and documented.

Recommendation 3:

The process of tool use including comparison, selection, acquisition, training, implementation, evaluation, and
support needs national administrative focus, guidance, and support.

Recommendation 4:

Technology development, transfer, and communication need to be improved between developers and user com-
munities.

Recommendation 5:

Collaborative approaches to research, development, and implementation of new information and decision sup-
port tools need to be encouraged.

Recommendation 6:
More precise and consistent definitions and standards are needed for fire severity, hazard, and risk.
Recommendation 7:

There should be a new emphasis on training that incorporates the latest developments in remote sensing, geo-
graphic information systems, information management, and communications technologies



